This paper studies the effect of a CDM tree-planting project on carbon sequestration and urban and rural income distribution, taking economy-wide impacts into account. Carbon sequestration in agricultural soil is considered in addition to the carbon in the tree farm itself. The study points to that project designs that raise the general investment level may add substantially to the project's carbon capture by stimulating the productivity of agriculture, thus binding more carbon in soil. As demand for crops is rising, the mode of agricultural production turns more intensive and improved plant growth leaves more plant residues for uptake as soil organic carbon. As for the income effect, the non-poor benefit more than the poor in economic terms, except when the project is hosted by the rural poorest. Foreign owned projects withdrawing the project surplus may turn out to reduce the income of urban poor and does not enhance agricultural productivity and beyond-project carbon sequestration.
Introduction
Capturing and storing carbon through afforestation has attracted considerable interest as a feasible way to mitigate global warming. The cost is generally lower than in projects targeting emission reductions from fossil fuel combustion. Further, studies point to that carbon sequestration in forests is cheaper in developing countries than in industrialized countries (Richards and Stokes 2004) . The Clean Development Mechanism (CDM) under the Kyoto Protocol provides developing countries with an opportunity to reduce carbon emissions and trade certified emissions reductions (CER) to countries with CO 2 reduction obligations. The CDM opportunity is supposed to serve two purposes, i.e. enhance development in addition to mitigate climate change.
The mitigation efficiency of the CDM mechanism has been strongly debated for various reasons. One concern is whether CDM projects actually are additional to a baseline of social, technological and economic development and thus brings in genuine emission reductions. Another concern relates to whether the project will suffer from leakages, i.e. lead to carbon emission outside the defined project border. The general issue of carbon leakage is discussed by Chomitz (2000 Chomitz ( , 2002 and Aukland et al. (2003) , whereas Schwarze et al. (2002) focuses leakage particularly in forest based GHG mitigation projects and Garcia- Olivia and Masera (2004) deal with issues related to carbon sequestration in soil.
There has been less focus on the capacity of CDM projects to reduce poverty, although many point to CDM as a good opportunity for enhanced development. Whether the different designs or modalities of CDM projects actually will serve the twin targets of carbon sequestration and poverty reduction is, however, not yet well understood, and so far the development issue associated with CDM is hardly analyzed in empirical terms. As a consequence, the scale of trade in certified emission reductions (CERs) from CDM projects as reflected in the flow of carbon payment is taken by default as indicator of the development impact as well as climate mitigation effect. The study of a CDM treeplanting project reported below aims at providing a more holistic approach to questions concerning the capacity of CDM projects to fulfil their dual target.
In the first commitment period (2008) (2009) (2010) (2011) (2012) of the Kyoto Protocol, carbon uptake in trees is included in the portfolio of compliance activities. Afforestation and reforestation are accepted as credible, but carbon sequestration in other types of vegetation and soil is not yet a CDM project option. Among forestation projects, tree plantations so far seem to have a better esteem than community forests because monitoring is less demanding for plantations than for tree planting in small scale farming.
Large-scale plantations may also have the capacity to insure towards sequestration failure through buffer funds of carbon credits.
Certified emission reductions (CER) from afforestation projects are not accepted in the EU carbon trading system. There is so far only one afforestation projects among approved CDM projects. In the pipeline there are 12 afforestation and reforestation projects generating less than a percentage of total 2012 CER (UNEP-Risø 2008) . The scale of forestry projects is likely to increase, however, and forestry projects are also a part of the international market for environmental services that evolves parallel to the Kyoto process, driven by private demand or government initiatives from countries outside the Kyoto Protocol. The efficiency of carbon mitigation projects outside the Kyoto-framework is of course just as important an issue as for those that may emerge within the Kyoto Protocol.
The purpose here is to study the potential effects of establishing a CDM tree plantation project in Tanzania on carbon sequestration and on the income level of various rural or urban socio-economic groups. Tanzania is a signatory of the Kyoto Protocol and registered as a CDM host country, but no project is registered in Tanzania so far (UNEP Risø 2007). The country is rich in land and the mitigation capacity embedded in the Tanzanian Forest Action Plan, if implemented, would accumulate to about 215 million tons CO 2 over three decades (Makundi 2001) . Within softwood and hardwood plantations carbon sequestration can be obtained at a cost of USD 0.3-0.6 per ton carbon as estimated by Makundi (2001) . Currently, there are plantations both under private and public ownership in Tanzania. Private owners already provide options for carbon offsets that are targeting future international carbon trade.
If CDM tree plantations can reduce poverty in addition to sequestering carbon, they would indeed be useful for a poor agricultural country like Tanzania, one of the poorest countries in the world. In Tanzania Whereas project characteristics of tree plantations in Tanzania have been studied (Makundi 2001 ) the economic repercussions and social effects of such CDM projects have not been outlined. There are several reasons why it is necessary to look beyond the forested plot for a more complete understanding of the project efficiency in terms of economic outcome and carbon capture. The allocation of land for additional tree plantations may crowd out agricultural activity. As a consequence, food prices may rise, affecting the rural landless and urban poor, while increasing the flow of land rent to urban and rural landowners. Further, tree plantations will create employment opportunities, which most likely will benefit the poorer groups of rural households. However, available labour for other activities will be in shorter supply and rural households' income growth may turn out to exceed or fall below what project employment and associated wage payments promise. Finally, it matters who is the project host and consequently how the carbon premium is distributed. Effects on income distribution and growth turn out differently depending upon the ownership. With government ownership, political decisions determine the saving and expenditure pattern in the wake of the carbon premium. With private ownership, the carbon premium may float to foreigners, to domestic high-income urban or rural households or to poor households if the plantation is a joint effort at village level. The indirect effects may be different depending on how the carbon premium is spent, as the households have different levels of income and patterns of consumption. As a consequence of market repercussions, the carbon cycle outside the plantation borders may also be affected. Hence, the final effect of a project depends on the economic framework conditions and how the markets work, for instance if there are limited resources of labour and land or not.
The significance of economy-wide effects in afforestation projects has been studied by Adams et al. (1993) for the USA. When simulating the US agriculture with tree planting for carbon sequestration as an option for farmers, Adams et al. included effects on the timber market of lower prices and increased supply. The representative consumer in the US thus carries the cost of trees crowding out food production, but enjoys the benefit of falling timber prices for housing and other products. The study show that the effect of afforestation on consumer surplus is negative and further that the effect is substantial and highly sensitive to the ambition of the carbon sequestration program. It also follows that the cost of carbon sequestration is considerably lower when timber is harvested than not, as declining timber prices soften the impact of increasing food prices. Consequently, as shown by Adams et al (1993) for the US, cost of carbon sequestration depends on consumer preferences, how relative prices change and on supply side adjustments. These results signal that CDM projects within forestry and agriculture may also generate substantial indirect economic effects, possibly also with implications for national carbon emissions. For a poor country it may be particularly useful to consider if such projects actually contribute to poverty reduction or not.
The CDM introduces incentives and verification criteria for carbon sequestration, but there are no particular incentives or criteria for fulfilling a poverty reduction target. The CDM project host will benefit from transfers of external funds through the carbon premium, but there is still reason to question the effect on poverty reduction since inflow of foreign exchange does not necessarily increase the income of the population below the poverty line.
Although the potential for carbon sequestration through tree planting seems considerable, some caution may be necessary for environmental reasons. Plantations cause concerns over the expansion of land under monoculture, mainly over loss of biodiversity. There is also the problem that trees may affect water retention capacity negatively. Trees have deeper roots than other vegetation and are able to absorb and transpire water even in dry periods. A general reduction in the groundwater table may thus harm food crops and other vegetation with less deep root systems. Hence, forestation in particular of fast growing species frequently found in plantations may increase the social and environmental scale of drought (DFID, 2005) .
Can it really be necessary to look at the macro-effects of a single tree-planting project? Yes, because the point of interest in this context is the dimension of the spillovers in the whole economy in relation to the magnitudes of the project's on-site effect. A CDM project has a specific role to play in climate policy and economic development. If economy-wide analyses show reasons for concern over impact on income distribution and carbon sequestration, the project criteria should be reconsidered and possibly overhauled to secure compliance with the basic targets of the CDM. Further, if CDM carbon sequestration projects shall be of more than marginal interest in climate policy, the scale of land use change must also be non-negligible and will thus generate substantial repercussions both in economic and environmental terms.
As far as we know, the study presented below adds new information along several dimensions to the literature on CDM efficiency. First, our study takes into account the market repercussions within the host country when resources like labour and land are allocated to CDM tree plantations. Further, we trace economy-wide effects on income, income distribution and carbon leakage associated with the inflow and distribution of carbon payment to potential project hosts. To do so, we apply a computable general equilibrium model (CGE) for Tanzania developed at the International Food Policy Research Institute (Löfgren et al. 2002) . The model is disaggregated in agricultural activities and household segments, and further developed in this study to keep account of the carbon cycle associated with land use. A particularly interesting result is that the plantation induces a negative carbon leakage in the same order of magnitude as within the CDM plantation project itself due to increased (uncompensated) carbon sequestration in agricultural land.
A CDM tree-farming project in Tanzania
Tanzania already has tree plantations covering about 80,000 ha owned by the government. The main genera planted are Pinus and Cupressus. In addition there are about 100,000 ha of private woodlots and plantations (NFP 2005) . A part of the more recently afforested area is already targeting the emerging international market for carbon emissions rights and plans are announced for additional plantations covering almost 100,000 ha.
To approach the question of carbon efficiency and capacity to reduce poverty we incorporate a Pinus patula tree plantation project in a CGE model for Tanzania. The investments in tree-planting cover land and labour expenditures according to a typical time profile of planting and management. It takes 20 years before trees in the plantation project become mature. Along the project development path, annual carbon uptake is calculated following the natural rate of tree growth. By assumption, no timber harvest is taking place in the project period.
In this study we are looking at economy-wide consequences, hence we do not consider the private financial arrangements or profitability for carrying out the plantation projects. We assume that the financial aspects are solved by private or public agents and motivated by the expected project profitability resulting from the carbon premium.
The tree plantation we have in mind is an expansion of the 40,000 ha Sao Hill forest plantation in Southern Tanzania. Growth characteristics of the Pinus patula plantation is taken from observations on 99 plots in Sao Hill (Chamshama and Philip 1980) . The average annual aboveground biomass accumulation and carbon accumulation was found to be 11.7 Mg per ha and 5.9 Mg per ha respectively. The cost of plantation establishment was set to 225 USD per ha based on Sathaye et al.
(2001).
Whereas the existing plantation delivers logs to Southern Paper Mill and Sao Hill Sawmill, the hypothetical CDM plantation project depicted here is only meant for carbon storage, thus making sure that the project has no other income sources than the carbon premium and that there is no leakage through timber markets. We implement this new plantation activity in a standard CGE model (Löfgren, et al., 2002; Thurlow, J. and Wobst, P., 2003) with base year 2000 and enterprises, households and government as decision makers. Among a total of 43 production sectors there are 21 agricultural sectors (crops) and a separate sector for forestry and hunting combined.
The CGE model assumes maximizing behaviour by producers and consumers. Each sector produces a single good and the output is formalized as a Leontief aggregate of value added and use of intermediates. The value added element is a CES function of the primary input factors land, labour and produced capital. This means that there is substitution between land, labour and capital, but not between land/labour/capital combined and a more intensive agricultural practice represented by higher use of intermediates like fertilizer and pesticides.
Heterogeneity of land and labour makes the return to input factors differ across sectors. Land and labour allowances are exogenous and factor prices flexible. Households receive wage income and revenue from land and produced capital assets. Household demand is represented by a linear expenditure system (LES) based on a Stone utility function (Stone 1954 , Dervis et al.1982 . Public consumption per capita is fixed and surplus government income equals government saving. Foreign saving is exogenous and the domestic price level adjusts to balance the external account. Import of commodities is determined as a price sensitive CES aggregate of demand of the foreign and domestic varieties in line with the approach of Armington (1969) . A similar relation determines how producers allocate their supply between domestic and foreign demand. The world market prices are fixed.
The inflow of foreign exchange in terms of carbon premium is creating a slack in the external balance, making room for an increase of imports. Rural household groups participate in plantation work and thus receive additional wage income. By assumption, all plantation work is carried out by labour from rural households below food poverty line.
The total level of investments is basically assumed to be policy given and thus exogenous, whereas private saving rates are adjusted by a common factor to generate the necessary amount of domestic finance to support the given rate of capital accumulation. Saving rates vary across household income groups and are adjusted by the same percentage points in this process. The economy operating on these terms can be characterized as investment driven. We first study the impact of the CDM plantation project under an investment driven closure rule, then under a savings driven alternative where household saving rates are fixed and factor income is adjusted to achieve the same investments path.
A particular useful model property for our purpose is that households are split in rural and urban categories, each further disaggregated into 6 urban and 6 rural household groups based on income level and education of head of household. The poorest households are those below the food poverty For studying the overall carbon efficiency of the project, we implemented a carbon cycle module covering both aboveground and belowground carbon for each agricultural activity. For agricultural crops the carbon module calculates change in carbon stock both in biomass and soils, but the carbon sequestration of these sinks are not included in the CDM project. As a consequence, there are no carbon incentives influencing farmers' behaviour. Every year 4 percent of the carbon stock in the soil is released to the atmosphere, while soil organic carbon from current crop residues is added to the stock. Soil organic carbon generated from the roots and residue of crops left in the soil in one year enters the soil carbon stock the following year. The amount of roots and residues are crop specific and proportional to the yield per ha land.
The carbon accumulation in the plantation is rewarded equally much per tonne every year and only the amount of carbon sequestered in trees is included. The annual addition to the carbon stock of the tree stand is compensated by a premium of 30 USD per tonne C, corresponding to about 8 USD per tonne CO 2 . A low price was chosen to reflect the higher uncertainty associated with CERs from land use, land use change and forestry (LULUCF) projects. Currently, carbon is traded for slightly above 20 EURO per ton CO 2 (73 EURO per ton carbon) in the market for EU allowances (January 2008).
We compare the prospects along the economic baseline scenario with 5 different designs of CDM plantation projects. The different plantation initiatives use the same amount of resources in terms of land and labour, and plant the same amount of trees and receive the same carbon premium. However, they differ in terms of project ownership, and distribution of income from the CDM project activity.
The carbon premium is assumed to come from the international carbon market and add to the inflow of foreign capital, which is exogenous by assumption. Common for all scenarios is further that there is no timber harvest from the plantation during the project's lifetime of 20 years. In that way there is no reason for concern over carbon leakage through the timber market. In all the scenarios 1-5, the wage income earned through plantation work is allocated to poor rural households below food poverty line, hence all direct expenditure (except land rent) target the poorest households.
The carbon premium is paid annually on the basis of carbon accumulated in the tree stands. The project design means that a total carbon premium of 1 244 billion Tanzanian shilling (BTsh) As is clearly seen from these figures, the carbon premium is low in the beginning, but escalates towards the end of the period. The costs are mainly associated with initial planting followed by some sequences with thinning. The time profiles of income and costs tend to make the surplus measured as net present value lower the higher the discount rate of the project host. However, in our study the focus is not on the decision to undertake the project and how this decision is influenced by the prospect to harvest profit now or in the future. The project is undertaken by assumption, and our purpose is to trace the repercussions and associated effects on income distribution and net carbon mitigation. In our results we present income growth of household segments accumulated over the project horizon without discounting. This can mimic the perspective of a social planner who is indifferent to distribution between generations. When comparing the results of various income groups we also ignore the differences in marginal utility of consumption. The reader may, however, attach subjective values to the income growth obtained by different income strata.
Scenarios

Scenario 1: CDM plantation as private farm initiative
In this case the afforestation is undertaken as private farm projects, where the farmers receive the carbon premium. All land-owning farmers participate proportionally to their share in land, and carbon premium is allocated to farm household groups according to their share in land rent. This mimics the case when the CDM plantation area is large in scale and thus accessible to most farmers. Consequently scenario 1 assumes that even low-income rural households owning some land succeed in establishing tree stands that are credited for carbon uptake. As shown in table 1, the rural non-poor receive the dominant share of land rent and will dominate the carbon trade, but rural poor own as much as 25 percent of the land and are thus also assumed to be actively involved in the CDM activity. 14.5
Non-poor 65.4
Urban households
Poor below food poverty line 0.9
Poor above food poverty line 1)
0.6
Non-poor 7.6 1) Below basic need poverty line.
Scenario 2: Plantation project hosted by urban-based landowners
Non-poor urban citizens received almost 8 percent of the total land rent in the base year. Their land holdings are likely to be larger and provide easier monitoring and verification of CDM projects. Large estates may tend to underutilize land due to labour monitoring costs in labour intensive crop production (Binswanger and Rosenzweig 1986, Heltberg 1998) . Given increased profitability introduced by the carbon premium, large estates may consider tree planting particularly attractive. The plantation project in scenario 2 is assumed to be hosted by the two wealthiest household groups among the urban non-poor. This scenario differs from scenario 1 only by distributing the carbon premium to other private income strata with a markedly different expenditure pattern.
Scenario 3: The Tanzanian government hosts the project
Here the government pays the cost of establishing the plantation and receives the carbon premium.
The surplus is earmarked for increased investments allocated to sectors according to the base year practice. This scenario is the only scenario that spends the whole carbon premium (net of plantation management cost) to increase investments. In all other scenarios the level of investments stays constant, whereas additional income is spent on private consumption.
Scenario 4: A foreign investor hosts the project
In this case the surplus from the CDM project is returned to international investors. Only the plantation management expenditure in terms of labour costs and land rent remains in Tanzania. This scenario resembles a situation where the government hosts the projects, and use the surplus from the carbon premium to pay down on foreign loans rather than on investments as in scenario 3. The difference would be that when the government pays down on foreign loans the external balance would improve as future foreign loan services would be somewhat reduced.
Scenario 5: Private initiative of poor rural villages
In this scenario we look for the result if the tree-planting initiative deliberately targets poor farmers.
The poorest rural households are project owners and receive the whole plantation surplus. This kind of project is frequently regarded as difficult and expensive to monitor. However, if forestation is widely used for carbon sequestration, remote sensing could even out the differences in monitoring costs between large, centrally situated and small, remote plantations in that respect. If undertaken jointly with development assistance, a difference in management costs could also be overcome.
Results
Before discussing the results in detail, we consider the various mechanisms that drive the outcome.
The labour stock and the area of agricultural land are assumed fixed at the aggregate level. If we ignore the transfer of carbon premium and just think of the plantation as a politically enforced project, the new plantation crowds out labour and land so far utilized by other activities. The activity level in other sectors is slightly reduced due to the increased competition for labour and land outside the plantation. Further, when land and labour are withdrawn from the rest of the economy, the marginal return on produced capital will fall and settle somewhat below the level in the BAU scenario. There is no produced capital in the forest plantation. Hence, the produced capital generates less return and the overall return to produced capital is falling. The inefficiencies imposed by crowding out land and labour from other sectors may tend to reduce equilibrium wage and land rent.
When the carbon premium enters the economy, two main effects add to the picture. First it increases income of the CDM project host(s). This benefits rural poor and non-poor and urban households to various degrees, depending on ownership of factors and the spillovers associated with the spending behaviour of the CDM project hosts. Total household saving is not affected, as long as the domestic investment level is given (politically determined) and foreign saving is fixed by assumption (see section 4.3 for an alternative closure rule). Hence, higher household income increases consumer demand and may change the composition of total demand, production and external trade. The various household groups have specific consumption characteristics. The poorest will primarily increase demand for food, whereas the urban better-off will to a larger extent increase consumption of manufactured goods, some of them imported. Then there is a second main effect on the economy as the inflow of foreign currency as carbon premium creates a slack in the external balance and the import increases to fill the gap. This is driven by the appreciation of the domestic currency, i.e. the exchange rate falls and each dollar transfers to less Tanzanian shilling -a disadvantage to the exporters, but beneficial to importers of consumer and investment goods. Cheaper investment goods from abroad contribute to higher real investments and improved productivity. Figure 3 shows the footprint of the carbon premium on gross domestic product (GDP). Scenario 3 stands out in terms of GDP growth, which is three times as large as the value of the project measured as carbon. This neat multiplier effect illustrates that the Tanzanian economy is capital constrained and that investments are likely to yield a reasonable return. This is why a foreign owned project that withdraws the project surplus does not increase GDP at all (scenario 4). The money spent for plantation management is simply too little to make additional economic growth visible -investments are fixed and the income transfer is negligible. In scenarios 1, 2 and 5 investments are also fixed, but the project income remains with private households in Tanzania. GDP rises, but only about a third of the project value. Thus, we may conclude that the project value is not a good indicator of economic impact. The GDP growth represents additional value added that is distributed to households as owners of the primary factors labour, land and capital. In addition to factor income growth, households may also receive transfers from abroad as carbon premium. The detailed distribution of factor income by household group is given in Appendix 3. Table 2 shows how GDP growth is allocated to the production factors labour, land and produced capital. All scenarios share the common feature that wage income growth is the dominant element of total factor income growth reflecting that Tanzania is a very labour intensive economy. The wage income growth is considerable compared with the project wage expenditure for all domestic projects .
Poverty reduction
Even without the multiplier effect of higher investments as in scenario 3, the wage income growth amounts to 25-35 times the wage expenditure in the CDM project itself. Table 3 shows how the additional factor income is allocated in relative terms. Distributing CDM plantations in proportion to land holdings (Scenario 1) allocates income to factors in a similar way as a government plantation using the surplus for additional investments (Scenario 3), although their effects on GDP level differ considerably. Scenario 2 channels more than total income growth in absolute terms to labour but creates a loss in profit and land rent. In scenario 2 the carbon premium is earned by urban rich, who direct their demand growth towards manufacturing, services and imported goods. The agriculture is left behind, and land rent is falling somewhat. Profit is reduced as imports crowd out domestic produce. Scenario 5 returns the lowest share of factor income growth to labour. On the margin, all scenarios allocate more to labour, less to profit and, with some variation, about the same to land rent as the base year distribution.
Whereas tables 2 and 3 present changes in factor income, the total effect on household income also includes their share in the carbon payment if hosting the CDM project. Figures 4-6 illustrate total income changes by household segment. Poverty is most pervasive in rural areas, and it is useful to start with a look at how the rural versus urban income develops. As shown in Figure 4 , scenarios 1, 3 and 5 are those that mainly channel income to the rural economy. The higher investments in scenario 3 also allocate income to the urban economy through investment goods demand mainly supplied by manufacturing industries. Hence urban households receive about a third of total income growth when the government hosts the projects and uses the surplus for investments. When urban rich hosts the CDM project (scenario 2), there is practically no benefits to the rural economy.
The fact that scenarios 1,3 and 5 favour the rural economy might raise expectations that the poor will benefit considerably from these CDM project designs. Figure 5 shows, however, that the larger share of income growth goes to non-poor households in scenarios 1 and 3. Scenario 2 leaves practically nothing to the poor. Only scenario 5, which by project design is targeting the rural poor, succeeds in getting the income through to the poor.
As seen from Figure 6 , it is even clearer that only a very small share of income growth trickles down to the poorest below food poverty line. Even though the plantation work is carried out by the rural poorest, their total income growth is only 15 percent of the CDM project value.
When urban rich or foreigners host the project (scenario 4), there is hardly any income growth for the rural poorest below food poverty line. It seems necessary to involve the rural poorest as hosts to succeed in getting the benefits through and reduce the extreme poverty as is done in scenario 5. In that case, the benefit to the poorest even exceeds the total project value. However, the income growth of the urban poor below food poverty line still remains negligible in that case. 
Net carbon effect
The carbon stock at the plantation site is monitored and compensated within the project. However, the project also has indirect effects on the economy and thus also on emissions or sequestration of carbon in other land use. Our study tracks the effect on the stock of soil organic carbon in agricultural land due to increased demand and higher yields. Higher prices allow for more intensive farming and more plant residues are returned to the soil per unit land every year.
In Scenario 3 the soil carbon sequestration is actually 20 percent larger than in the plantation itself (Table 4) . Moreover, scenarios 1, 2 and 5 bind another 60-90 percent carbon in soil as compared with what is accumulated in the plantation itself. Hence, there is a considerable negative leakage in the project. There is particularly a build up of carbon in soil used for cash crops. The main cash crops are the perennials coffee, tea and tobacco with substantial use of imported agrochemicals. The appreciation of the domestic currency following the inflow of carbon premium lowers the cost of imported inputs. This effect dominates over the reduced incentives for cash crops due to the reduction in export prices in domestic currency. Hence the scale of cash crop farming rises more than food production. The cash crops are more efficient in carbon binding than the food crops under current agricultural practices. However, the food crops also improve carbon binding capacity per ha land due to demand growth, price increases and more intensive use of fertilizer. The enhanced productivity through more intensive agriculture leaves more plant residues to the ground as organic carbon. The highest build-up of carbon in soils occurs in scenario 3 when the government is host and uses the carbon premium to increase investments. These result points to the potential synergy effects between climate mitigation and economic growth in poor agricultural economies.
The results also illustrate the potential for carbon sequestration embedded in general policies for economic development. Increasing productivity in agriculture may contribute to reverse the carbon flow from agriculture, making food production a net absorber of carbon.
Note that so far in this study farmers are not compensated for their contribution to carbon mitigation.
If they had been able to trade CERs similar to the plantation host, or somehow compensated for this effect, the carbon dynamics might be accelerated. The substantial negative carbon leakage of 60-120 per cent found in this study clearly contrasts the results obtained in earlier economy wide studies of CDM projects based on improved energy efficiency in coal use. Studies by Böhringer et al. (2003) and Glomsrød and Wei (2005) The Kyoto Protocol's CDM Executive Board has downplayed the role of the rebound effect by neglecting the so-called secondary leakages through markets. When considering the striking contrasts between the phenomenon of leakage in fossil energy efficiency projects and forestation projects observed in this study, such a position might undermine many efficient options for mitigation in terms of carbon sequestration and poverty reduction associated with land use projects.
In the energy efficiency projects it is particularly important to remember that developing countries have high income elasticities for energy goods and energy intensive services like transportation. A project on fossil energy efficiency will rebound through the fossil energy market and the urban economy -while a land use change or forestry project will mainly encourage the rural economy with a low fossil intensity in demand.
The results of Scenario 3 using the CDM project surplus for investments invites to consider the role of economic policy in carbon mitigation more closely. The low input/low output agriculture in many developing countries contains a vast potential for higher yields and enhanced carbon sequestration in soil. The soil could be reactivated as a carbon sink through fertilizer subsidies and taxes that adjust the income distribution. The monitoring of such carbon mitigation strategies might not be more costly and difficult than in specific and numerous private CDM projects. Programs for fertilizer subsidies were practiced in Tanzania, but abandoned as part of the structural adjustment policies during the 1990s partly due to the inefficiencies in distribution by agricultural parastatals. Considering the substantial climate mitigation potential of a more productive agriculture in Africa, fertilizer subsidies might serve as an important vehicle for climate mitigation as well as poverty reduction. The introduction of a subsidy should be compatible with a more efficient private market and distribution system. Subsidies on food crops would possibly be even more efficient as high-income producers of export crops like coffe and tobacco would not harvest the main share of the fertilizer subsidies (although that could be adjusted through an export tax). A food crop "carbon premium" would reach a higher share of less well-off farmers. For the poorest, the problem of a full up-front payment for fertilizer would still challenge their very strict cash constraints and problems with carrying the whole risk if the harvest fails. The level of fertilizer use in food production is generally low in Southern Africa. Hence the local pollution aspects are minor. However, fertilizer cause emissions of greenhouse gases (N 2 O) which must be considered to secure a net climate mitigation effect.
It is important to have in mind that the effect of a reduction in the fertilizer price due to appreciation of the Tanzanian shilling is not fully absorbed in farm behaviour in our study. The reason is that the model uses fixed proportion of fertilizer and other material inputs of farms, thus underestimating the tendency to higher yields and productivity. A model with substitution between fertilizer and other input variables would come closer to the actual effect on agricultural productivity and carbon sequestration in soil. This effect is more directly described by a study of Wiig et al (2001) based on a CGE with nitrogen cycle and endogenous soil productivity and land use for Tanzania. Devaluations carried out as part of the structural adjustment policies resulted in a increase in land use of about 20 percent, reflecting the higher price on fertilizer and the substantial pressure towards more extensive agriculture.
Alternative closure rule
It may easily be forgotten in the CDM project context that the overall constraint for the economy are decisive for the result of economic interventions. For instance will the presence of constraints on the external balance lead to another result than if the country enjoys flexibility in terms of access to foreign loans.
So far in this study it is assumed that the government controls the investment level through public investment programs or via public investments banks. The economy might alternatively operate under different framework conditions that have consequences also in terms of climate mitigation. Below we illustrate the impact of implementing the CDM project in a savings driven economy rather than an investment driven economy as discussed above. In the case of a savings driven economy, investments are no longer determined politically, but depend on the saving decisions made by households. With different saving rates among household groups the income distribution via return to the primary factors land, labour and produced capital, is the mechanism behind the general propensity to save.
Total saving will then be sensitive to the change in structure of production and the tax base. Below we consider if the effects of the CDM plantation project in a savings driven economy deviate from in an investment driven economy. Two rigidities are still with us -the allocation of land ownership is fixed and the allocation of investments still follows the base year sector distribution.
The key to understand the relation between the income distribution and level of saving is the wage to rent ratio. Basically the economy-wide wage/rent ratio varies to clear the capital market. The wage rate and return per unit capital and land will adjust to maintain the wage expenditure to rent-ratio by sector.
In our savings driven scenario, the return to produced capital is scaled to match the level of the baseline scenario with fixed investment. The wage to land rent ratio will thus have to adjust to provide the required amount of saving in the savings driven alternative. Figure 7 shows the increase in GDP across scenarios 1-5. Overall the induced GDP is larger than in the investment driven alternative, only in scenario 3 the GDP growth is somewhat lower. The effect of the CDM project in a savings driven economy on household segments are shown in figures 8-10. Scenario 1 is the only scenario where both the rural and urban population benefit more than in the case of an investment driven economy. By allocating the project surplus to households proportional to their shares in land rent, the wage to land rent ratio is shifted downwards and helps to clear the savings-investment market simply by scenario design. This moderates the efficiency loss associated with a larger reallocation of factors. However, it is mainly the non-poor who improve their situation. Only in scenario 3 the non-poor get less than in the investment driven case (Figure 8 ). Figure   9 shows a minor improvement for the rural poor below food poverty line compared with the investment driven case. Other scenarios are quite similar to the investment driven alternative, although scenario 2 comes out with higher and scenario 3 with somewhat lower total income growth. Scenario 5 generates a marketly higher income for the rural population as a whole, but this benefit does not reach the poor. The CDM under savings driven alternative is clearly more beneficial tot the non-poor than within a investment driven framework. The factor income growth in the savings driven alternative is fairly homogenously allocated among factors (Appendix 4) and roughly corresponding to the base year factor income distribution, although labour is slightly better rewarded on the margin. The project's capacity to absorbe carbon off-site is 7-12 per cent higher in scenarios 1, 2 and 5 in the case of a savings driven economy than in the investment driven alternative. With a government-hosted project (scenario 3) the off-site carbon uptake by agricultural soil is somewhat lower than in the investment driven alternative. These results reflect that GDP increases more in Scenarios 1, 2 and 5, slightly less in scenario 3. The agriculture responds to growth by increasing productivity and soil carbon sequestration.
Final remarks
A main purpose of the CDM is to mitigate emissions of greenhouse gases. Our study for Tanzania indicates that tree plantations under domestic ownership interact with the economy in a way that enhances the carbon mitigation effect well beyond the project obligations. The income growth of domestically hosted projects leads in various degrees to increasing demand for agricultural products, thereby stimulating the rural economy. Further, the appreciation of the Tanzanian shilling folIowing the inflow of carbon payment makes use of imported fertilizer and pesticide cheaper. The agriculture becomes more productive and the higher yields in agriculture causes substantial additional carbon accumulation in soil. This effect increases total carbon sequestration 60-120 per cent above the plantation on-site effect, making the difference in total carbon sequestration across domestically hosted projects significant. If the plantation is foreign owned and revenue is returned abroad, there is no carbon sequestration additional to the plantation itself.
In terms of total income growth, the plantation project earmarking the surplus for domestic investments seems to be superior. Moreover, in this scenario the rural population enjoys the largest income growth. However, the benefits to the very poor are very modest even in this case. Only when the poorest are actively targeted, they harvest the highest benefit. A foreign owned project hardly increase the income level. To approach both the twin targets of the CDM, the projects seem to need domestic hosts.
The results of this study point to that CDM projects that capture identical amounts of carbon and receive the same amounts of carbon premium might give highly different effects on economic growth, income distribution and climate mitigation. It seems worth while to further study if there are systematic differences in indirect effects and total benefits from fossil fuel related projects and land use projects.
There is reason to argue that our results have relevance for other poor economies mainly relying on low input-low output agriculture. Under these circumstances there is a large potential for higher yields, and a CDM project can vitalize the rural economy and extract this potential for productivity rise and further carbon accumulation in soil. A substantial negative leakage may thus turn out to be the rule rather than the exception for land use projects in such economies.
Income from CDM projects will be spent on both energy and food items. In poor agricultural economies food has a higher income share and will dominate in the resulting consumption growth, thus improving agricultural productivity and carbon sequestration. CDM projects targeting poor people's land use may thus seem to yield more carbon mitigation for the same input than energyrelated projects primarily reaching the urban economies with higher fossil fuel intensity. So far, there has been much concern over carbon leakage in land use projects. However, a few percentage carbon leakage from plantations due to local peoples' harvest of primarily wood litter seems negligible as compared with the massive beneficial effects of project generated economic repercussions on agricultural productivity and soil carbon sequestration.
A conclusion from our study could be that the cost-efficiency of the CDM portfolio could increase by being more balanced and focus less on energy, more on land use options for carbon mitigation and rural development. Land use projects in combination with bio-energy undertakings may seem particularly beneficial. It seems useful to increase work on identification of agricultural practices that bind carbon and can easily be monitored or driven by economic incentives. The potential for additional mitigation effects of land use projects also invite to considering general economic policies to enhance climate mitigation and reduce poverty simultaneously.
There are many simplifications in our stylized approach. However, substantial economy-wide effects 
The reference scenario (BAU)
The idea behind the construction of the baseline or business as usual (BAU) scenario in this case is to create a development path where the economy remains close to its base year condition so that the development over time is only included to take into account the full time horizon of the plantation project. The implementation of the project is intended to be the only difference between status quo and the development path with the CDM project. The tree growth and carbon compensation are time dependent, hence we have a BAU scenario advancing over 20 years and adjust the major economic variables that lay the foundation for the baseline economic development over the project horizon. .
Population growth
The population growth is set to 2.5 percent per year. According to 
Technological change
The factor neutral technological improvement in production is assumed to be one percent per year for every production activity. This corresponds to GDP per capita average growth rate during1990-2003 of only one percent annually in Tanzania provided by www.unicef.org,.
Simulated GDP growth path
To form the baseline over the project horizon we let the annual level of investments grow at about 4 percent per year. Factor neutral technical change is assumed to be one percent per year in all production sectors. Population growth rate and the associated rate of growth in the labour stock is set to 2.5 percent per year in average for the whole period. The government expenditure is assumed to grow at the same rate as the population. These assumptions lead to a development path caracterised by a growth rate declining from 6.3 percent per year in 2001 to 3.0 percent per year in 2020. This corresponds to an average growth rate of 4.0 percent per year over the whole period.
Inflation
Another feature of the economy in this country is the rather high inflation. Average annual rate of inflation at the period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) is as high as 17 percent, which unfortunately cannot be reflected by our model since the CPI is the numeraire with value 1 constant over time. Generally the agricultural goods prices increase while the industrial goods prices decline, reflecting the assumption that the exogenous final demand (or real investment) is the same each year while the demand for consumption keeps growing over time. The exchange rate rises, which implies a lower value of local currency.
Adjusting the Frisch parameter (ω ) in LES
The elasticity of the marginal utility of expenditure (Frisch parameter) is a constant under many additive utility specifications including the LES system applied here (Frisch 1959 , Sato 1972 ). In our model version the Frisch parameter for each household group is modified to take into account that the composition of demand is changing when household income is rising. 
Investment driven alternative
